Background. The relationship between body mass index (BMI), weight loss, and changes in activities of daily living (ADL) function and mobility in older adults is not clear. We sought to study the relationship between BMI and weight loss on the rate of decline in ADL function and life-space mobility over a 4-year period among older African Americans and whites.
T HE relationship between body mass index (BMI), weight loss, and functional change in older adults is not clear. Low BMI and obesity have been shown to be associated with lower mobility and function (1) (2) (3) . Many studies suggest that weight loss may be predictive of limitations in activities of daily living (ADL) function (1,3) whereas others suggest that weight loss protects against functional decline (4). Reynolds and colleagues (5) suggested that, although obesity has little effect on life expectancy in adults 70 years old and older, obese older adults live a higher proportion of their remaining lives disabled. Launer and colleagues (6) evaluated older women in the Epidemiologic Follow-Up Study of the National Health and Nutrition Examination Survey NHANES I (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) and found that women with high past or baseline BMI were at increased risk for reporting disability.
What is not clear from these studies is whether older adults who are obese and show restricted function or ability to navigate their environment continue at the same rate of decline with aging on these variables as do less obese older adults, or whether rates of decline are more pronounced in obese older adults relative to normal weight or underweight older adults. An additional issue that remains unresolved is how weight loss, intentional or unintentional, affects functional change. We sought to identify the impact of BMI and weight loss on the pattern of change in ADLs and lifespace mobility over a 4-year period among older African Americans and whites.
METHODS

Sample
The participants were 983 enrollees for whom BMI could be assessed in the University of Alabama at Birmingham (UAB) Study of Aging, a population-based, longitudinal study of mobility among community-dwelling older adults. Participants were recruited from a stratified random sample of Medicare beneficiaries aged 65 years or older living in five counties of central Alabama. Two counties were classified as urban and three counties as rural. This study oversampled African Americans, men, and rural residents to provide a balanced sample in terms of race, gender, and urban-rural residence. Persons in nursing homes, persons who were unable to set their own appointments, and persons from whom height and weight could not be obtained (n ¼ 17) were excluded. For interested participants, an in-home interview was scheduled. Prior to the interview, written informed consent was obtained. The study protocol was reviewed and approved by the UAB Institutional Review Board.
Design
In-home interviews were conducted by trained interviewers and are described in detail elsewhere (7) . They included a number of measures, including sociodemographic factors, weight and height, Life-Space Assessment (LSA), and self-or proxy-reported ADLs. Telephone interviews were subsequently conducted every 6 months for 48 months.
Measurements
Dependent variables.-We chose two measures of function to evaluate in these analyses. First, we chose a composite measure of ADL to capture an individual's perception of difficulty in performing specific tasks necessary for independence in a community setting. Second, we chose the LSA to evaluate what participants report that they did in the 4 weeks before the assessment, using the assistive tools and supports they have available to them. The LSA provides a broad functional perspective of individuals' response to their current conditions, including how the participant's nutritional status, or the conditions associated with that status, may be interfering with engagement in the community or with mobility in the home.
Difficulty with ADLs.-Difficulties with ADLs were measured by self-report. The six ADL items included eating, using the toilet, dressing, transferring, bathing, and walking. For each item, participants were asked: ''Do you have any difficulty performing the task?'' If the answer was ''no,'' a score of zero was assigned. If the answer was ''yes,'' the participants were asked to rate, using a Likert-type scale, the level of difficulty for the task. Responses were scored as: 1 ¼ some, 2 ¼ a lot, 3 ¼ unable to do the task. A composite score for ADL difficulty was calculated using the sum of scores for the individual tasks (range: 0-18). The sum was reversed such that higher scores indicated less reported difficulty with the functional tasks. ADL difficulty was measured at baseline and at 6, 12, 24, 30, 36, 42, and 48 months after baseline over the 4 years of follow-up.
LSA.-The UAB LSA was used to identify the areas through which a person reported moving during the 4 weeks prior to the assessment. It reflects the distance that persons travel from the room where one sleeps, the frequency of such movement, and whether equipment or assistance from another person is used. The LSA was administered at baseline and every 6 months over the 4 years of follow-up. Specific questions were: ''During the past 4 weeks, have you (i) been to other rooms of your home besides the room where you sleep (level 1); (ii) been to an area immediately outside your home such as your porch, deck or patio, hallway of an apartment building, or garage (level 2); (iii) been to places in your immediate neighborhood, but beyond your own property or apartment building (level 3); (iv) been to places outside your immediate neighborhood but within your town (level 4); and (v) been to places outside your immediate town (level 5)?'' For each life-space level, participants were asked how often they traveled to that area (less than once a week; 1-3 times each week; 4-6 times each week; daily) and if they had assistance from another person or from an assistive device (yes vs no). The LSA was scored by assigning a value to each of the five levels, and then summing the five scores. The level scores were obtained by multiplying the level number (1-5) by a value for independence (2 ¼ no assistance, 1.5 ¼ use of equipment only, 1 ¼ use of another person) times a value for frequency of movement (1 ¼ less than once a week, 2 ¼ 1-3 times each week, 3 ¼ 4-6 times each week, and 4 ¼ daily). LSA scores ranged from 0 (mobility confined to one's bedroom) to 120 (traveled out of town every day without assistance from another person or an assistive device).
The test-retest reliability of LSA scores between the in-home, face-to-face interview and a telephone interview within 2 weeks of the baseline assessment is 0.96 (8) . LSA is also highly correlated with observed physical performance (8) .
Independent Variables
BMI.-Height without shoes was measured to the nearest half inch using a folding ruler. Participants were measured standing on an uncarpeted surface against a wall if possible. Weight to the nearest pound (without shoes) was obtained using a calibrated floor scale for participants able to stand on scales. For participants unable to stand, height and weight were calculated from the knee-height measure and arm circumference (N ¼ 89). If the knee-height measure was unavailable, self-reported height and weight were used for the calculation (N ¼ 37). Among 180 participants who both provided self-reported weight and were weighed, the correlation between self-reported weight and measured weight was 0.98.
BMI was calculated from weight in kilograms divided by meters squared and was categorized according to the National Heart, Lung, and Blood Institute (NHLBI) Clinical Guidelines thresholds into underweight (BMI , 18.5), normal weight (BMI 18.5-24.9), overweight (25-29.9), obese (BMI !30 and , 35), and very obese (BMI !35) categories (9).
Weight loss.-Weight loss was assessed at the baseline interview by asking, ''In the past year, have you lost weight (. 10 pounds)?'' If the participants answered ''yes'' to this question, they were then asked ''Did you try to lose weight?'' These questions were then coded into the following categories: no weight loss, intentional weight loss, and unintentional weight loss.
Covariates.-In addition to gender, race, and age, covariates included in the model included smoking status (whether the participant smoked in the past year), phys-ical activity, education, and comorbidity score. Physical activity was measured using the activity assessment of the Cardiovascular Health Study. This activity assessment was based on a modified Minnesota Leisure Time Activity Questionnaire and included questions about the frequency and duration of 15 different types of activities over the previous 2 weeks. Activities were assigned metabolic equivalents according to intensity, and leisure-time energy expenditure (kcal/wk) was calculated for each person (10) . Education, a marker of socioeconomic status, was divided into year categories: 1 6; 2 ¼ 7-11; 3 ¼ 12; 4 !13. Comorbidity score was created by summing the total number of verified comorbidities that make up the Charlson Comorbidity Index (11) . Diseases were considered verified if the participants were taking a medication for the disease, if their primary physicians reported that they had the condition, or if the condition was documented on a hospital discharge within the 3 years before entry into the study.
Statistical Analysis
Descriptive statistics were performed first to characterize the sample (Table 1) . Dummy-coded vectors were created for the BMI categories at baseline, and these vectors were entered as a set along with the covariates in all statistical models. Next, analysis of covariance was used to estimate ADL difficulty scores and life-space composite scores as a function of BMI group for cross-sectional analyses at baseline. Adjustments were made for the effects of age, gender, race, urban versus rural residence, smoking status, recent weight loss, and comorbidity score. If a significant overall effect was found for BMI group, pairwise comparisons were conducted between BMI groups on the covariateadjusted means of the dependent variable. Dummy-coded vectors were created for the BMI categories at baseline, and these vectors were entered as a set along with the covariates in all statistical models.
Longitudinal changes in ADL difficulty scores and lifespace composite scores were examined using multilevel growth curve models as estimated in SAS Proc Mixed (SAS, Cary, NC) (12, 13) . These models were used to fit trajectories of change beginning 6 months after baseline, with the baseline observation of each dependent variable serving as a covariate. BMI group and weight loss served as primary predictor variables, with age, gender, and race also serving as covariates. Smoking status was not included in these models because it had no unique predictive effect in the baseline cross-sectional models. All participants with any follow-up data (N ¼ 958) were included in these longitudinal models because the models are able to estimate intercepts and slopes for each participant based on the amount of data collected, even for participants who died or dropped out prior to the end of the 4-year follow-up period. For all covariates, meancentered predictors were used. These were derived by subtracting the mean at baseline from each participant's observed score. This method improves the interpretability of the findings and the calculation of model-predicted scores because a zero score on any predictor now represents the mean on that predictor. Both linear and curvilinear (i.e., quadratic) growth trajectories were estimated, and the fit of these trajectories to the observed data was examined using deviance statistics and the Akaike Information Criterion. In general, the quadratic models did not fit significantly better than the more parsimonious linear models, so only the results of the linear models are reported here.
The time variable in the longitudinal models was scaled to represent the time prior to the 4-year follow-up assessment. That is, time was scaled as À3.5 for the 6-month assessment, À3.0 for the 12-month assessment, and so on, up to 0 for the 4-year assessment. This allowed the main effect tests to consist of group comparisons at the 4-year point, and the Group 3 Time interaction effects to represent tests of the differences in linear slopes across time between the groups.
RESULTS
Baseline sample characteristics are displayed in Tables 1  and 2 for the 983 participants who had valid BMI data. Mean age for the cohort was 75.30 (6 6.72) years. The average ADL difficulty score was 16.49 (6 2.47). The average LSA score was 64.5 (6 24.5), which is representative of a score for someone going out of the house daily and into the neighborhood 4-6 times per week. The majority of participants were overweight (38%), with 31% obese or very obese and only 2% underweight. Participants in the overweight or obese categories were more likely to be younger (mean age ¼ 73 years in the highest BMI group compared to mean age ¼ 76 years in the lowest BMI group). Women and African American participants were more likely to be in the very obese (BMI !35) group. Smokers, those who had experienced recent weight loss, and those with higher comorbidity scores were more likely to be in the lowest BMI category.
In cross-sectional analyses of baseline functional measures adjusted for race, gender, smoking status, age, weight loss, physical activity, education, and comorbidity score (Table 3) , participants with very low and very high BMI (!35) were more likely to have low ADL and LSA scores, consistent with functional limitations. The individual differences in LSA by BMI category were not significantly different; however, for ADL status, individuals who were obese or very obese were significantly more likely to report difficulty than those with normal BMI. Unintentional weight loss was negatively associated with both LSA and ADL status ( p , .0001). Intentional weight loss was not associated with either measure of functional status (Table 4) . We evaluated to see whether there was an interaction between baseline BMI and weight loss; no interaction was found.
Linear longitudinal growth curve modeling was then conducted on the repeated observations of LSA and ADL scores after baseline, with the baseline observation serving as an additional covariate, to see if baseline BMI predicted change in life space or ADL. Race, gender, age, physical activity, education, intentional and unintentional weight loss, and comorbidity score were included in the analysis.
Relative to normal weight participants, those with BMI in the overweight or obese range did not experience ADL decline more rapidly (Table 5 ). These relationships did not change when persons in the very obese category were combined with persons in the obese category. ADLs in participants with low BMI appeared to decline the most rapidly, but this change did not reach statistical significance (Figure 1 ).
Relative to normal weight participants, other BMI categories did not show an accelerated decline in LSA scores (Table 6 and Figure 3 ). However, a history of unintentional weight loss did accelerate decline in LSA. Intentional weight loss had no impact on LSA decline. For both ADL score and LSA score, baseline history of unintentional weight loss predicted more rapid decline (Figures 2 and 4) .
DISCUSSION
This study suggests that functional decrements associated with high and low BMI reflect differences already present at baseline that are not accelerated by virtue of BMI alone. Indeed, in this study of older participants, being in the overweight category (BMI 25-29.9) may have conferred some protection from functional decline relative to participants in the normal weight category. Baseline history of unintentional weight loss increased risk for ADL and mobility decline regardless of baseline BMI. Intentional weight loss did not contribute to declines in functional status, nor did it accrue any benefit over this 4-year time period. To make sure that there was not a differential effect of weight loss among participants who were heaviest at baseline, the data were evaluated for an interaction between baseline BMI and weight loss. No interaction was found. Although the mechanisms for these relationships are not entirely clear, a number of theories have been postulated. First, unintentional weight loss may represent an underlying inflammatory process, disease, or frailty that in turn may have a negative effect on functioning (14) . Indeed, a number of studies suggest that unintentional weight loss is often secondary to depression, occult malignancy, or metabolic or neurological conditions (15, 16) . Second, the finding that intentional weight loss was not protective against functional decline may be because of the possibility that individuals seeking to lose weight may attribute their weight loss to intentional behavioral changes, but may actually be losing weight due to subclinical disease (17) . Weight loss of any kind may not be beneficial in older adults if it is accompanied by loss of lean body mass (18) . Loss of lean body mass may in fact, accelerate functional decline. Finally, increased body fat may become more protective against functional decline because risks for decline change with aging. Short-term risks of falls (and possible hip fractures), which are mitigated by increased body fat, may become more important for shortterm functional decline than longer term risk of cardiovascular endpoints associated with increased body fat (19) . Similar to other cross-sectional studies, the cross-sectional analyses of this cohort showed an association between high BMI and functional limitations (20 Longitudinal studies have also reported the impact of high and low BMI on functional status, although these data are less consistent. In the NHANES I Epidemiologic Follow-Up Study, using logistic regression analysis, high or low BMI contributed significantly to functional impairment (23) . In Sarkisian's study of 6632 community-dwelling older women, a BMI of . 29 was found to be predictive of self-reported decline in ADLs over a 4-year period (2).
To our knowledge, our study is the first study to perform linear longitudinal growth curve modeling analyses, which allows one to evaluate the effect of BMI and weight loss on rate of functional change. Our findings suggest that baseline BMI alone does not affect the rate of functional change; rather it is the case that other factors (namely, unintentional weight loss, moderating the relationship between BMI and function) have a more influential effect on rate of functional decline.
As in other studies of older community dwelling adults, our study did not find weight loss to be protective against developing mobility limitation for any BMI group and, in fact, showed a consistently adverse effect on function (1, 24, 25) . The lack of benefit of intentional weight loss among participants who were overweight or obese was in contrast to the study by Fine and colleagues (26) , in which weight loss was associated with improved physical functioning among participants who were obese. However, the small number of participants with intentional weight loss in our cohort may limit conclusions related to voluntary weight loss and functional change. This study also suggests that, as concluded from other studies, a BMI in the overweight range does not appear to have the same negative functional consequences as it does in younger adults.
Limitations of this study include a relatively small sample size, especially among the lowest BMI category, and having only BMI available as a measure of body composition. Agerelated changes in body composition (decrease in lean mass and increase in fat mass) and loss of height alter the relationship between BMI and percent body fat. At any given BMI, changes in body composition with aging underestimate body fatness, and changes in height overestimate body fatness. However, because BMI is readily available clinically, it is useful to understand that it has a relatively low effect on rates of functional decline compared to weight loss. An additional limitation was that outcome measures for function in this study were provided by self-or proxy report, and thus were more likely to be influenced by social, psychological, and health factors (27) . Nevertheless, because self-reported functional measures are predictive of subsequent disablement and mortality, these relationships with nutritional factors remain important (28) . This is one of the few studies to examine the role of BMI in affecting rates of functional decline and the only study that we know of that uses growth curve modeling to evaluate rate of functional change. Although baseline high and low BMI are associated with poor ADL function and life-space mobility, extremes in BMI seem to have less impact on rates of functional decline compared to unintentional weight loss. Unintentional weight loss, then, warrants close attention clinically, both as a potentially remediable risk factor and as a prognostic factor for decline when attempts to reverse it are unsuccessful. More studies are needed to evaluate which interventions are most successful in preventing or reversing unintentional weight loss in this population.
